Abstract. Defining material coefficients of anisotropic yield function as scalar functions of equivalent plastic strain is usually employed to model subsequent anisotropic behavior of metallic sheet. However, it might be difficult to take into account the influence of strain path change with this method. In this paper, a new representation of linear transformation tensor within the isotropic equivalent plasticity theory [Karafillis, A., Boyce, M., 1993. A general anisotropic yield criterion using bounds and a transformation weighting tensor. J. Mech. Phys. Solids 41, 1859-1886.] is proposed in order to consider the influence of strain path change on subsequent anisotropy. To illustrate the capability of suggested representation, a numerical example about subsequent anisotropy is presented.
INTRODUCTION
In the last decade, initial anisotropy resulting from the texture and dislocation structure induced during the rolling process of metallic sheet has been captured well [1, 2] . At large plastic strain, subsequent anisotropy might be significantly different with the initial anisotropy, which leads to the rotation and distortion of yield surface within continuum approach. Defining material coefficients of anisotropic yield function as scalar functions of equivalent plastic strain is usually employed to capture this subsequent anisotropic behavior [3] . However, the experimental investigations indicate that the subsequent anisotropy might relate to the loading path [4] . With the aforementioned method, it is hard to take into account the influence of strain path change on subsequent anisotropy.
In this work we present a new insight on anisotropy evolution of sheet metal, which attempts to bridge the anisotropic coefficients of yield function and the directional yielding behavior of metallic sheet. Since the directional yielding behavior has a nature of tensor, it might be possible to consider the influence of strain path change on subsequent anisotropy by introducing suitable history variable and defining proper evolution law for the directional yielding behavior. Here, we will concentrate on the anisotropy of thin rolled metallic sheet, which exhibits orthotropic symmetry as a result of the rolling process and the small thickness. In addition, we further assume that the subsequent plastic deformation do not change the orthogonality of metallic sheet.
THEORY
In the IPE theory, Karafillis and Boyce introduced an isotropic plasticity equivalent (IPE) material, which has the same equivalent yield stress as that of macroscopic anisotropic material. Additionally, the plastic dissipation rate is assumed to be equal in both materials during plastic deformation [1] . With a linear transformation tensor L i jkl , for a pressure-independent material, the actual stress state σ i j in the macroscopic anisotropic material can be mapped onto the corresponding stress states i j of an IPE material
where C i jkl and L i jkl are fourth order tensors which contain the anisotropic coefficients, T klrs is a tensorial operator which transforms stress tensor to deviatoric stress tensor s i j . Substituting the principal valueS i of the transformed stress tensors i j into an isotropic stress yield function g in the deviatoric stress space, an anisotropic yield function φ is obtained,
where φ is an anisotropic yield function of s i j , while g is still an isotropic yield function with respect to stress tensor s i j , G is an isotropic function of its arguments, and (I,II,III) are permutations of (1, 2, 3) . Following the IPE approach, a concept of imagined anisotropic aggregate, which is similar as the fibre in a composite, is proposed here to capture the subsequent anisotropy. In case of planar anisotropy, we suppose that the macroscopic anisotropic material consists of several imagined anisotropic aggregates which are symmetrically distributed with respect to the fixed global frame. Here, the case of four imagined anisotropic aggregates was chosen as an example, as shown in Fig. 1 . If we further assume that these imagined anisotropic aggregates are identical, the symmetrical distribution will keep the macroscopic anisotropic material orthogonal in the fixed global frame. For asreceived material, the anisotropic symmetry axes of imagined anisotropic aggregate might be different with the fixed global frame. The difference can be described by an angle θ as defined in Fig. 1 . Here, for simplicity, the case of θ = 0 is considered for initial anisotropy. Regarding the physical meaning of the imagined anisotropic aggregate, it can be considered as a large amount of grains associated to certain texture and dislocation structure, which leads to the macroscopic directional yielding behavior. The subsequent plastic deformation is hard to destroy it, while alters its orientation and makes it stretched. Therefore, in the new representation, we also assume that the imagined anisotropic aggregate itself has orthotropic symmetry. Moreover it only experiences stretch along the anisotropic symmetry axes and rotation during subsequent plastic deformation. It is worth noting that these aggregates will rotate at same time so that their symmetrical distribution is not changed with respect to the fixed global frame. Finally, the subsequent anisotropy can be captured by the evolution of these imagined anisotropic aggregates with respect to the global frame. FIGURE 1. Represent volume element for an orthotropic metallic sheet. (A fixed global frame, which is laid along the RD, TD and ND, is defined as unit vectors e e e 1 , e e e 2 and e e e 3 . A reference frame associated to anisotropy symmetry axes of imagined anisotropic aggregate is defined as unit vectorsê e e 1 ,ê e e 2 ,ê e e 3 .)
Since the macroscopic anisotropic material is composed by four imagined anisotropic aggregates in this work, the linear transformation tensor of the macroscopic anisotropic material can be determined from that of each imagined anisotropic aggregate by averaging their effects. Let g = 1, ..., 4 denotes the imagined anisotropic aggregates depicted in Fig. 1, respectively . Then, the following relationship on plastic dissipation rateẆ can be obtained [5] 
where D with respect to the fixed global frame. This linear transformation tensor maps the stress state and plastic rate of deformation tensor of g-th imagined anisotropic aggregate onto those of the g-th aggregate IPE material. So there are four materials should be differentiated, the IPE material is corresponding to the macroscopic anisotropic material, and the aggregate IPE material is related to the imagined anisotropic aggregate. The stress states in macroscopic anisotropic and IPE material are averaged from those of imagined anisotropic aggregates and aggregate IPE materials, respectively. Using Taylor's assumption that each aggregate undergoes the same plastic rate of deformation tensor as the whole, the relationship between plastic rates of deformation tensors, i.e.,
, and the assumption of the minor and major symmetries of L L L g , Eq. (3) can be rewritten in matrix form aṡ
Comparing Eq. (1) with (4)
where L L L transforms the stress state σ σ σ in the macroscopic anisotropic material into that of the IPE material. The linear transformation tensor for the imagined anisotropic aggregate with respect to the fixed global frame can then be expressed in indicial notion as L
where L L L a is the linear transformation tensor with respect to the reference frame attached to the anisotropy symmetry axes of the imagined anisotropic aggregate, Q Q Q g is a second order tensor which includes the stretch and rotation of imagined anisotropic aggregate. Since we have assumed that the linear transformation tensor L L L g is a symmetrical tensor, it can be seen from Eq. (6) that L L L a should be symmetrical tensor too [5] . Then the following expression is adopted [6] 
where c i (i=1-6) are material coefficients of anisotropic yield function. For planar anisotropy, the imagined anisotropic material can be assumed to rotate around the ND as shown in Fig. 1 . Thus, only one parameter θ is required to describe the rotation of these four imagined anisotropic aggregates due to their symmetrical distribution. As for the stretch, which is along the anisotropy symmetry axes of the imagined anisotropic material, its macroscopic meaning relates to the change of directional yielding behavior of the imagined anisotropic material. If we assumed the stretch ratios of direction yielding behavior alongê e e 1 ,ê e e 2 andê e e 3 are λ 1 , λ 2 and λ 3 , respectively, and then Q Q Q g can be written as
Note that the evolution equations for these aforementioned material parameters will not be discussed. Here, we provide a framework on how to consider the influence of strain path changes in modeling of subsequent anisotropy.
NUMERICAL EXAMPLE
For the sake of illustration, taking the anisotropic yield function Yld2000-2d as an example, its new representation of linear transformation tensor is presented in capturing the subsequent anisotropy. The non-quadratic anisotropic yield function Yld2000-2d is a linear transformation of two convex functions φ and φ [2] . It is defined by an equivalent stressσ: Fig. 2 is the evolution of subsequent anisotropic yield surfaces with parameter θ 1 and θ 2 . It can be seen that the subsequent yield surfaces are distorted with these parameters. As already known, the evolution of texture and dislocation structure is tightly related to the loading path [7] . In the new representation the parameters θ 1 and θ 2 have been assigned to capture the rotation of texture and dislocation structure. Therefore, the influence of strain path change on subsequent anisotropy can be described by defining their evolution equations. Finally, the new representation can be considered as a framework for later including evolution of anisotropy with strain path change. 
CONCLUSION
In this work, a new representation for linear transformation tensor within isotropic equivalent plasticity theory is proposed, which establishes the relationship between material coefficients of anisotropic yield function and directional yielding behavior of sheet metal. The suggested representation might bring a potential benefit in modeling the influence of strain path change on subsequent anisotropy. Further investigations are needed in order to develop suitable evolution equations for the linear transformation tensor.
